The chemical composition of the fatty acid and unsaponifiable fractions of the leaves, stems and roots of Arbutus unedo L. were determined using gas chromatography and gas chromatography-mass spectrometry. The fatty acid fractions of the leaves, stems and roots contained 38.5%, 31.3% and 14.1% palmitic acid, respectively, along with other long-chain fatty acids (up to C 22 ). The chemical composition of the unsaponifiable fractions differed: the leaf and stem fractions contained high levels of aliphatic (32.1% and 62.6%, respectively) and terpenic compounds (49.6% and 25.7%, respectively), and the root fraction mainly contained esters, of which the most abundant was benzyl cinnamate (36.6%). The antimicrobial activities of the unsaponifiable fractions against nine species of microorganisms were assessed. The unsaponifiable leaf and stem extracts inhibited the growth of Klebsiella pneumoniae, Enterococcus faecalis and Candida albicans.
In the Mediterranean region and North Africa, A. unedo is traditionally used as an alternative medicine for its biological properties. The fruit has antiseptic, diuretic and laxative effects, and the leaves have astringent, urinary tract antiseptic, anti-diarrheal and depurative properties [4] [5] [6] [7] [8] . Ziyyat et al. [9, 10] showed that an aqueous extract of A. unedo exhibited antihypertensive [9] and vasorelaxant properties [10] . Furthermore, an in vitro study indicated that diethylether and ethyl acetate extracts of A. unedo leaves have an anti-aggregating effect on human platelets [11] . This effect is likely mediated by its antioxidant activity, which may inhibit protein tyrosine phosphorylation and Ca 2+ influx into platelets [12] [13] [14] [15] .
Several compounds have been isolated from A. unedo, including aromatic acids, iridoids, monoterpenoids, phenylpropanoids, sterols and triterpenoids [16] . For example, Ayaz et al. [17] detected lactic, malic, suberic and fumaric acids. Phytochemical studies have shown that the leaf extract contains phenolic antioxidant compounds, such as flavonoids (quercitin, isoquercetin, kaempferol, hyperoside and rutin) [18, 19] , tannins, phenolic glycosides, anthocyanins and gallic acid derivatives [19, 20] . Vitamin C, vitamin E, α-terpineol, (E)-2-α-tocopherol and carotenoids are also present in A. unedo [3, 5, 17, 19, 21, 22] . To our knowledge, only one study has investigated the essential oil content of the leaves (sample origin: Turkey) [23] ; the essential oils consisted mainly of terpenic and aliphatic compounds, of which (E)-2-decenal (12.0%), α-terpineol (8.8%), hexadecanoic acid (5.1%), and (E)-2-undecenal (4.8%) were the major components.
In Algeria, many patients use medicinal plants as well as conventional medical regimens to treat a variety of diseases. Interest in the use of bioactive compounds extracted from plants for developing new drugs has increased in recent years [5] . The aim of this study was to determine the chemical composition of the fatty acid and unsaponifiable fractions of solvent extracts of the stems, leaves and roots of A. unedo, to quantify the antibacterial and antifungal activities of the unsaponifiable fractions, and to assess the potential of the species as a source of natural compounds for pharmaceutical applications. Gas chromatography (GC) and GC-mass spectrometry (GC-MS) were used to determine the chemical composition of the extracts. Antibacterial and antifungal activity was assessed using nine species of microorganisms and a microdilution method.
The light petroleum extracts of A. unedo were first separated into two fractions, namely the fatty acid and unsaponifiable fractions. Fatty acids in the leaf, stem and root extracts were tentatively identified on the basis of their fatty acid methyl ester (FAME) derivatives after derivatization with BF 3 /MeOH ( Table 1 ). The 14 fatty acids identified in the leaf, stem and root extracts accounted for 83.6%, 74.3% and 85.7% of the total fatty acid fractions, respectively ( Table 1 ). The fatty acid compositions of the three fractions were qualitatively similar. However, oleic acid was present only in the leaf extract (10.6%), nonadecanoic acid in the stem extract (0.6%), and enanthic acid in the root extract (5.2%). The leaf, stem and root extracts had a high saturated fatty acid content, of which palmitic acid was the predominant compound (38.5%, 31.3% and 14.1%, respectively), followed by lauric acid (5.2%, 9.1% and 13.2%, respectively). The main unsaturated fatty acids were, for the leaf extract, oleic acid (10.6%), linolenic acid (9.3%) and linoleic acid (5.5%); for the stem extract, linolenic acid (8.5%) and linoleic acid (7.8%); and for the root extract, linolenic acid (8.6%) and linoleic acid (13.6%).
Combined GC and GC-MS analysis of the unsaponifiable fractions detected 32 compounds, of which 18 were present in the leaf fraction, 24 in the stem fraction and seven in the root fraction, accounting for 88.2%, 90.4% and 80.2% of the total unsaponifiable content of these fractions, respectively ( Table 2 ). All three fractions contained high levels of aliphatic compounds, but they differed qualitatively and quantitatively in chemical composition. The leaf fraction was dominated by aliphatic compounds (32.1%), monoterpene hydrocarbons (30.7%) and oxygenated sesquiterpenes (18.5%), whereas the stem fraction contained a higher level of aliphatic compounds (62.6%), a similar level of monoterpene hydrocarbons (21.9%) and a much smaller amount of oxygenated sesquiterpenes (3.8%) than the leaf fraction. The fractions also differed qualitatively and quantitatively in Table 1 : Fatty acids of leaf, stem and root extracts of Arbutus unedo (proportion w/w expressed with regard to the total of fatty acids). respect of individual monoterpene hydrocarbons. (Z)-βocimene was the major component of the leaf fraction (22.4%), which also contained significant amounts of limonene (3.2%), α-pinene (2.6%) and sabinene (2.5%), whereas the major component of the stem fraction was myrcene (8.5%), followed by sabinene (4.6%), limonene (3.2%), terpinene (2.7%), α-pinene (2.4%) and (Z)-β-ocimene (0.5%). The leaf and stem fractions contained low levels of aromatic ester compounds; (E)anyl 2-methylbutyrate constituted only 6.5% and 2.1%, respectively. Conversely, the root fraction was characterized by a high level of aromatic ester compounds (37.1%) and no terpenic compounds. The major components of the root fraction were benzyl cinnamate (36.6%), undecane (14.9%) and 2.4-dimethyl nonane (12.4%). The root fraction also contained carbonyl and carboxylic compounds (52.9%) in the form of decanal, (E)-2-nonenal, decyl acetate, (Z)-3hexenyl benzoate and benzyl cinnamate.
N°a Fatty Acid
We evaluated the antibacterial activity of the unsaponifiable extracts against pathogenic strains of Gram-positive (Bacillus cereus, Staphylococcus aureus and Listeria monocytogenes) and Gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Citrobacter frendii and Enterococcus faecalis). Table 3 shows the mean percentage bacterial growth inhibition of the fractions according to the agar dilution method.
The unsaponifiable extracts of leaves were effective against K. pneumoniae and E. faecalis (minimum inhibitory concentration [MIC] = 108 and 112 μg/mL, Various components of the unsaponifiable extracts of the leaves and stems could be responsible for their antimicrobial activity. Although the extracts usually contain a complex mixture of compounds, their antimicrobial activity can generally be accounted for in terms of monoterpenoids [24] . Research on the antimicrobial effect of monoterpenes suggests that they diffuse into and damage cell membrane structures [25] . The antimicrobial activity of the unsaponifiable extracts of leaves and stems could also be caused by microbial strain sensitivity to α-pinene, sabinene and similar compounds in the extracts [26] [27] [28] . 
Sample preparation:
Leaf and stem samples were airdried and crushed. The resulting stem and leaf portions were sieved through 0.355 mm and 0.600 mm sieves, respectively. The roots were cleaned and cut into small pieces. Thirty g leaf, stem and root samples were extracted twice using 200 mL of light petroleum under reflux using a Soxhlet apparatus. After evaporation of the solvent under reduced pressure, the extracts were dried over MgSO 4 . The mean yields of triplicate extractions were stems, 0.86%; leaves, 3.8% and roots, 0.36%.
Extraction of unsaponifiable compounds:
One g aliquots of the light petroleum extract were saponified using 50 mL methanolic potassium hydroxide solution (2 mol/L) for 1 h under reflux. The unsaponifiable components were then extracted 3 times with 100 mL diethylether. The pooled extracts were washed 3 times with 50 mL deionized water. The solvent was removed at 35°C under reduced pressure using a rotary evaporator. The unsaponifiable fractions of leaves, stems and roots constituted 55.2%, 50.3% and 25.1% (w/w) of the light petroleum extract, respectively.
Extraction of fatty acids:
After extraction of the unsaponifiable components, the remainder of the methanolic potassium hydroxide solution was acidified to pH 5-6 with 1 N HCl to convert the fatty acid salts to free fatty acids, which were then extracted 3 times with 50 mL diethylether, dried over MgSO 4 and weighed. A methanolic solution containing 10% BF 3 was added to the free fatty acids to transform them into methyl ester derivatives [30] . The fatty acid derivatives were then extracted 3 times with 50 mL of n-hexane at room temperature. The organic layer was evaporated and dried over Na 2 SO 4 . The fatty acid fractions of the leaves, stems and roots constituted 23.5%, 31.4% and 10.4% (w/w) of the diethylether extract, respectively.
Gas chromatographic analysis:
GC analyses were carried out using a Perkin Elmer (Waltham, MA, USA) Autosystem XL GC apparatus equipped with a dual flame ionization detection system and fused Rtx-1silica capillary columns (60 m × 0.22 mm i.d., 0.25 μm film thickness; polydimethylsiloxane). The oven temperature was programmed to increase from 60-230°C at 2°C/min and was then held isothermally at 230°C for 35 min. Injector and detector temperatures were maintained at 280°C. Samples were injected in the split mode (1/50) using helium as carrier gas (1 mL/min); the injection volume was 0.2 μL. Retention indices of the compounds were determined relative to the retention times of a series of n-alkanes (C5-C30) using linear interpolation, the Van den Dool and Kratz equation [31] , and software from PerkinElmer. Relative concentrations were calculated based on GC peak areas without using correction factors.
Gas chromatography-mass spectrometry analysis:
Samples were analyzed using a Perkin Elmer Turbo mass detector (quadrupole) coupled to a Perkin Elmer Autosystem XL equipped with Rtx-1 fused silica capillary columns and Rtx-Wax (ion source temperature, 150°C; ionization energy, 70 eV). Ionization energy MS were acquired over a mass range of 35-350 Da (scan time, 1 s). Other GC conditions were the same as described for GC, except the split was 1/80.
Component identification:
As previously reported [32, 33] , the method used for identification of individual components was based on (a) comparison of calculated retention indices on an apolar column with those of either authentic compounds or literature data [34] [35] [36] [37] and (b) computer-matching using commercial MS libraries [36, [38] [39] [40] [41] and comparison of MS with those in either our own library of authentic compounds or in the literature [34, 35] .
Bacteria and yeast:
The bacterial strains used in this study were obtained from the medical reanimation department of the Hospital University Center of Tlemcen and consisted of five Gram-negative (E. coli, P. aeruginosa, C. frendii, E. faecalis and K. pneumoniae) and three Gram-positive bacteria (B. cereus, S. aureus and L. monocytogenes). The C. albicans fungal isolate was obtained from the dermatology department of the Hospital University Center of Tlemcen.
Preparation of inocula:
Strains preserved in nutrient agar at 4°C were placed in nutrient solution and incubated at 37°C for 24 h. Culture aliquots (0.1 mL) were added to 10 mL of brain heart infusion broth (Pronadisa Hispanalab, S.A.). The fungus preserved at 4°C in Sabouraud agar supplemented with chloramphenicol was reconstituted in nutrient solution and incubated at 30°C for 24 h. Culture aliquots (0.1 mL) were added to 10 mL sterile physiological water. Muller-Hinton agar for the bacteria (Pronadisa Hispanalab) and Sabouraud dextrose agar plus chloramphenicol for the yeast (Merck) were utilized. The inocula were incubated until a microbial density of 10 6 -10 7 colony-forming units per mL was attained. The agar dilution method was used to assess antimicrobial activity. The MIC was determined using the latter method.
Dilution agar method:
A dilution agar method was used to determine MIC. Extracts were dissolved in 1% DMSO and 0.2 mL aliquots were added in twofold increments from 0.1 mg/L 2.2 mg/L to either Mueller-Hinton agar (bacteria) or Sabouraud dextrose agar containing chloramphenicol (C. albicans). The media were cooled to 45-50°C prior to being poured into the plates. Gentamicin and amphotericin B were used as the standard antibiotics for bacteria and fungus, respectively [42, 43] . Sterile solutions of DMSO and culture medium were used as controls. The experiments were performed in triplicate. The bacterial test was conducted at 37°C for 24 h and the fungal test at 30°C for 48 h.
